Introduction: Colectomy is a major event that may significantly affect the outcome of ulcerative colitis (UC) in terms of both quality of life and mortality. This paper aims to identify clinical prognostic factors that may be significantly associated with this event. Methods: PubMed, ISI Web of Knowledge and Scopus were searched to identify studies investigating the association between clinical factors in adult patients with UC and studied events. The clinical factors evaluated in this meta-analysis were gender, smoking habits, disease extent, use of corticosteroids, and episodes of hospitalization. Results: Of the 3753 initially selected papers, 20 were included. The analysis showed a significantly lower risk of colectomy for female patients (odds ratio [OR] 0.78 [95% CI 0.68, 0.90]) and for smoking patients (OR 0.55 [0.33, 0.91]), and a higher risk for patients with extensive disease (OR 3.68 [2.39, 5 .69]), for patients who took corticosteroids at least once (OR 2.10 [1.05, 4.22]), and for patients who were hospitalized (OR 4.13 [3.23, 5 .27]). Conclusion: Gender, smoking habits, disease extent, need for corticosteroids, and hospitalization were all significantly associated with UC prognosis. These results may clarify the relative influences of these and other prognostic factors in the natural course of the disease and therefore help improve the management approach, thus improving the follow-up of patients.
Introduction
Ulcerative colitis (UC) has a heterogeneous course. It is a chronic disease in which activity has been described as mild, moderate, or severe, based on how many of the following symptoms are present: bloody diarrhea, abdominal cramps, and fever. 1 Medical treatment and surgery are the two possible treatment options. The primary goal of medical treatment is to reduce symptoms, but nowadays it is also aimed at clinical, endoscopic, and histologic remission. Surgery is limited to refractory patients and to those with dysplasia or carcinoma. 2, 3 Therefore, it is now crucial to define clinical criteria at diagnosis to help predict UC outcome. Demographic and clinical characteristics are also important since they are easy to use and have been consistently associated with the disease course. 4 This work aims to systematically review the evidence with respect to predictive clinical prognostic factors for UC.
Materials and Methods
A systematic review and meta-analysis of observational studies focusing on the factors that can predict different outcomes of ulcerative colitis was undertaken. Eligible studies were identified through an electronic search of bibliographic databases until October 2013 (Medline through PubMed, ISI Web of Knowledge and Scopus databases). The method included the definition of eligibility criteria, search strategies, study selection and characteristics, outcome measures, quantitative data synthesis and sensitivity analysis, methodological quality of studies, and statistical data analysis.
Eligibility criteria
Observational studies describing prognostic factors in UC were eligible for inclusion. The criteria for inclusion were: (1) adult patients with UC; and (2) written in English and studying associations between clinical factors and colectomy. This meta-analysis was limited to clinical factors because they are easy to apply in predictive models of outcome. Genetic, serologic, and biomarker studies were excluded because they are not universally used and are useful tools at only some centers. The only exception was C-reactive protein (CRP), to enhance the comprehensiveness of the analysis. We therefore tried to analyze predictive tools applicable at the bedside by all physicians. Studies not in English, without an available abstract, studying only genetic or serologic factors, biomarker studies (with exception of CRP), or those addressing diagnosis or quality of life were excluded. Furthermore, clinical trials were also not used since they often did not contain sufficient information to determine risk factors associated with our outcome.
Search strategy
To gather a more sensitive set of data, we defined a search query with several outcomes, looking to capture studies that, although focused on other outcomes, might provide useful information regarding colectomy as well. A literature search was therefore performed using PubMed with the following keywords and MeSH terms: '('colitis, ulcerative ' ' . Literature searches were also undertaken in the Scopus database and the ISI Web of Knowledge using the same search keywords: ('ulcerative colitis' AND ('prognostic' OR 'factor' OR 'predictors') AND ('corticoids' OR 'steroids' OR 'colectomy' OR 'relapse')).
Study selection and data collection process
The studies were screened and selected by two reviewers. First, all titles and abstracts were read and the inclusion and exclusion criteria were applied. Second, the reviewers read the full text of all papers considered for inclusion after abstract selection, again applying the inclusion and exclusion criteria. The following properties of each study were recorded: location and type of study, total number of patients, characteristics of included patients, definitions of outcomes, and clinical or demographic factors. Quality was assessed using a qualitative classification of the risk of bias. We used a fouritem classification based on the MOOSE 5 and STROBE 6 checklists. The items were chosen based on the factors that can incorporate bias, i.e., inclusion and exclusion criteria, justification of the cohort (eligibility criteria, sources and methods of selecting participants, and methods used to describe follow-up), disease assessment (if UC was evaluated or self-reported), and outcome adjustments for potential confounders.
Predictors of UC
The predictors evaluated were: gender, disease extent, smoking habits, hospitalization at any time, use of corticoids (oral or intravenous) at any time, and CRP.
Outcome measures
The main endpoint of this study was colectomy at any time during the disease course. Whenever possible, subgroup analysis was focused on (1) colectomy due to nonresponse to treatment or within 1 year after diagnosis, and (2) colectomy during the disease course.
Quantitative data synthesis and sensitivity analysis
Statistical evidence of effects is presented as described in the original studies. We compared the groups using random effects meta-analysis weighted by the inverse of variance to estimate the odds ratio (OR) and 95% confidence interval (95% CI). Raw data were first converted to the OR using classic methods. When raw data were not available we used the hazard ratio (HR) in the analysis. All included estimates were recomputed from descriptions given in the original articles, which might result in slightly different values. All reported p-values are two-sided with a significance level of 5%. Statistical heterogeneity was assessed with the I 2 statistic; values higher than 50% indicate a substantial level of heterogeneity. 7 Review Manager v5.1 was used to calculate ORs and 95% CIs. Sensitivity analysis, to evaluate the weight of each study in the heterogeneity analysis, was performed to assess robustness of findings.
Results

Search and study selection
A total of 3753 articles were identified using the search strategy. After reading all titles and abstracts, 3634 articles were excluded (mostly because they did not address UC or the studied clinical factors). The reasons for exclusion are shown in Figure 1 . One hundred nineteen studies were reviewed in detail and 20 articles were included.
Description of studies
Of the total of 20 studies showing clinical factors for colectomy, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] 12 were conducted in Europe, 10, 11, [15] [16] [17] 20, [22] [23] [24] [25] [26] [27] six in North America, 8, 9, 12, 13, 18, 19 and two in Asia. Their main characteristics are summarized in Table 1 . All had suitable inclusion and exclusion criteria, five did not clearly justify the cohort or disease assessment, 13, 17, 18, 22, 23 and one did not adjust the outcome for possible confounders. 28 The highest risks of bias were found for these unadjusted outcomes ( Figure 2 ). Concerning publication bias, funnel plots were derived and did not reveal any obvious asymmetric tail other than some possible bias in disease extent, as shown later in this article ( Figure 8 ). Also, sensitivity analysis did not show significant changes in the results for any of the outcomes.
Colectomy
Colectomy was studied as an outcome in 20 studies. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Different factors were found that could predict colectomy, namely gender, extent Figure 3 . Regarding disease extent and colectomy risk, ten cohorts were found. The random effects model showed that patients with extensive disease had a higher risk of colectomy (OR 3.68 [95% CI 2.39, 5.69]); however, significant heterogeneity was found among them (I 2 = 67%) Figure 4 . Concerning smoking habits, the random effects model showed that patients who smoked had a lower risk of colectomy (OR 0.55 [95% CI 0.33, 0.91]), with no significant heterogeneity (I 2 = 0%) Figure 5 .
Patients hospitalized at any time had a higher risk of colectomy (OR 4.13 [95% CI 3.23, 5.27]) and there was no evidence of statistical heterogeneity (I 2 = 0%) Figure 6 . An association between the use of corticosteroids and colectomy was found in four studies. Patients who took corticosteroids (oral or intravenous) at any time had a higher risk of colectomy (OR 2.10 [95% CI 1.05, 4.22]); however, significant heterogeneity was found (I 2 = 54%) Figure 7 . Subgroup analysis was performed on the outcome, addressing colectomy due to nonresponse to treatment or within 1 year after diagnosis, and colectomy during the disease course. This analysis was done only for gender, disease extent, and smoking because the number of studies did not allow any conclusion to be drawn for the remaining factors. For gender (Figure 3 ), disease extent (Figure 4) , and smoking habits ( Figure 5 ), no significant differences were found in those receiving surgery within the first year after diagnosis or thereafter.
In the evaluation of CRP as a predictive factor for colectomy, seven papers showed different types of risk estimation, heterogeneity in the time of CRP measurement, and different cut-offs for risk assessment, making aggregation impossible. In three studies the median or mean CRP level was not given, 14, 20, 25 the median was given in one work, 11 and the mean with standard deviation was given in two 24, 26 ; moreover, the assay for CRP measurement was not given in any study, which made it difficult to draw any relevant conclusion. In all but one study 14 there was a trend for high rates of colectomy in those with a high CRP. Ho et al. 11 provided a risk index to aid the identification of patients who did not respond to treatment (and were submitted to colectomy), with higher CRP levels in nonresponders (6.9 versus 3.9 mg/L, p < 0.02), although Shiga et al. 14 26 also identified CRP (on the third day of hospitalization) ≥25 mg/L as a predictor of colectomy, in the first 30 days of hospitalization, and colectomized patients had a higher value of CRP (on day third day after treatment) than other patients (36.3 versus 18.0 mg/L, p = 0.007). One year after diagnosis, patients with CRP ≥10 mg/L had a higher risk of colectomy in the following 4 years (OR 3.0 [95% CI 1.1, 7.8]). 27 At the time of infliximab induction, two studies showed an association between high CRP values and the risk of colectomy, one at CRP 
Discussion
There are several reasons for the importance of prognostic factors: (1) recently available drugs, namely anti-tumor necrosis factor have the potential to induce mucosal healing and prolonged clinical remission; (2) mucosal healing has been considered a therapeutic goal; and (3) early therapeutic interventions are followed by a better outcome. 29 The need to develop a specific clinical tool able to evaluate disabilities and identify specific factors as predictors is paramount. Therefore, the clinical risk factors analyzed in this meta-analysis should be considered when new scores or approaches are developed to assess the outcome of UC.
Here we show some of the features that could help clinicians to identify risk groups for UC. This is a step forward in the definition of predictors for UC, revealing their applicability and impact on disease prognosis, namely the risk of colectomy. Gender, disease extent, hospitalization, the need for corticosteroids, smoking habits, and CRP were associated with colectomy. Although other markers can help clinicians to predict the disease course of UC, namely genetic, serologic, and endoscopic findings, we limited this meta-analysis to demographic and clinical characteristics because of the feasibility of their assessment at diagnosis and at the bedside. Regarding CRP, the different types of risk estimation used and inadequate information about the method of measurement Test for overall effect: Z = 1.17 (P = 0.24) Heterogeneity: Tau did not allow aggregation. However, there was a trend toward a risk of colectomy in patients with high CRP levels. The most relevant risk finding in this analysis was extensive disease and hospitalization and, in the opposite sense, smoking habits. Subgroup analysis showed that colectomy predictors were the same when the population was stratified by colectomy due to nonresponse to treatment at diagnosis or within 1 year after diagnosis, and colectomy during disease course. Gender, disease extent, and smoking remained associated factors, strengthening their value in predictive models. We tried to evaluate more than one hospitalization per year and repeated flares requiring steroids as markers of chronic morbidity; however, there was too little information in the studies for an aggregated analysis. It was also not possible to study the roles of other clinical and demographical variables, such as age at diagnosis, because data were not available or could not be aggregated due to the different measures used. Furthermore, it was impossible to analyze several clinical trials in UC because the outcome (colectomy) was not stratified in terms of gender, disease extent, smoking habits, hospitalization, and the need for corticosteroids.
The overall quality of the included studies was good; however, we found outcome adjustment deficiencies in four of them. The main limitation found in our meta-analysis was the heterogeneity and the different approaches used. To better assess the effect of heterogeneity on our results, sensitivity analysis was performed; it showed little change in outcomes, thus supporting the robustness of our findings. However, these aspects should be taken into account in the analysis of our results and conclusions.
In summary, this review and meta-analysis showed that clinical findings such as gender, disease extent, smoking habits, hospitalization, and the need for corticosteroids are associated with the prognosis UC, namely the risk of colectomy. The use of these parameters in building predictive models for UC prognosis could enhance the clinical approach and thus improve the clinical outcome of patients with severe disease.
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